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A New Stress Corrosion Test 

George J. Heimerl and David 
r M L 3 3  1 9  

A nex stress corrosion tes t  

s t ress  corrosion cracking is described. 

temperature compression t e s t s  of a s m a l l  self-stressed sheet specimen. 

This rapid, sinr.ple t e s t  permits the early detection of st ress  corrosion 

cracking. The method is i l lustrated by some results o f t h e  salt stress 

The method ut i l izes  room 

corrosion of titanium allaye a t  550" F( <&I O K ) .  
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I A New Stress Corrosion Test fo r  Sheet kterials 

' 

X64 35385 * 

The susceptibility of various titanium alloy and stainless s tee l  sheet 

materials to  s t ress  corrosion is of considerable concern w i t h  regard t o  their  

use for  a skin material for  a supersonic transport operating at speeds up t o  

Mach 3 (1),(2). 

salt{ on runways, and skin temperature8 may extend up t o  about 600" F (589' IC). 

Such a transport will be exposed t o  ocean environments and 

Investigations of salt stress corrosion of titanium alloy and stainless 

steel  sheet materials at  normal and elevated temperatures are presently undelc 

w a y  at the NASA4angley Research Center and other laboratories. 

procedures are not standardized arwl indeed cannot be unt i l  more is  known about 

Tes t ing  

the importance of each of the wp1erous envimRental * factors and the basic 

mechanism involved. Consequently, 

tried. 

different test procedures are being 

The need f o r  a large nuuiber of small, self-etressed specimens which did 

not require fixtures, and for  a rapid, simple method fo r  the early detection 

of stress corrosion cracking led t o  a new type of specimen and t e s t  procedure 

i n  the NASA investigation ( 3 ) . -  This article wi l l  describe the new self-etressed 

sheet specimen and compression test developed l n  this investigation, and 

i l l u s t r a t e  the method with BOPIR results obtained for s m o a t e d  titanium alloy 

sheet materials exposed up to 10,OOO &ours at 550' F (561' IC). /. 
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I . . _  Self4tressed Sheet Specimens. 

' Tbe construction of the specimen is i l lustrated in  figure 1. Strips four 

incheo long by 114 inch wide (rgproXLPrt0 ly  10.16 x .64 am) are fint mrchiaad 

f r o m  the sheet (figure l(a)), and then cleaned atld heat treated if such treatc 

ment is required to obtain the desired condition. 

then bent t o  some predetermined &e (figure l (b ) )  which depends upon the 

stress required and must be determined by trial and error. The s t r ips  are 

then cleaned thoroughly (3). 

*clamped together and spot welded ae shown in figure l(c). 

produces a constant bending mnent on the curved portion of the specimen w i t h  

The ends of each strip are 

In the final step the ends of the two strips are 

This last step 

equal tensi le  and compressive stresses i n  the outer and inner fibers, 

respectively. Stresses are increased by increaaiag the bend angle (figure l ( b ) ) .  

Stresses up t o  the elast ic  limlt of the material at the exposure temperature may 

be used. 

the i n i t i a l  s t ress  conditione cannot be maintained. 

If the stresses exceed this annut, strese relaxation will occur and 

The magnitude of the inner and outer  f iber  stresses in each s t r i p  depends 

upon the radius of curvature, the thickness, and Young's modulus for  the material 

at the exposure temperature. 

between the inner faces of the stripe can be dete-ed for  a given maximum f iber  

AB long 88 elastic corrditiona prevail, the  distance d - 
stress from the following geometriclil ard stresrr-strala relationship: 

where R I t E  
2 r  

in w h i c h  (see figure 
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R Radius of curvature of curved portion of each atrip, tni. 
C Chord length o r  distance between ben-p ends, h 4 D  

t strip thickness, in. , 

E Young‘e modulus, ksi 

6Tensfie o r  compressive, stress in outer fibers, ksg 

Conversely, if the specimen dimenslone are given, the stress can be calculated 

from equatioy (2) provided the stkeseee are d a s t i c D  

6 s  2 t E d  

d2 + C2 

Specimen Coating and Exposure. 

A corroding agent such as salt mey be applied t o  the specimen in various 

ways by spraying, dipping, o r  painting with 8 s a l t  ~lurry~ In the NASA investig* 

t ion (3) coating was accomplished by dipping the titanium al loy specimens into a 

boiling, supersaturated solution of pare sodium chloride and drylng it in an oven 
L J d  . 

at 250” F. This procedure.% repeated until  a uniform salt coating of the desired 

amount w a s  obtained. 

Heavy snd medium coatings are uniformly white whereas a light coating consists of 

Coatings made in this m e r  can vary from l igh t  t o  heavy. 

a transparent s a l t  film w i t h  scattered crystale. Although.it was not:found 

necessary t o  res t r ic t  the coatin& to  the curved portion of the titanium alloy 

specimens, it may be advisable for some materials in order t o  eliminate the 

possibil i ty of specimen failure in the sharp bend region near the ends o r  at the 

spot welds. To determine the susceptibility of the materials t o  stress corrosion 

cracking at  elevated temperatures, the coated S p e C i m e n i 3  were placed in an oven at 

550” F (561” K) for exposures up to  l0 ,OOO houra or morep if rewred. 1 
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Simil& uncoated specimens were placed in a separate oven t o  provide a basis 

for  comparison and data on the s tabi l i ty  of the materials a f t e r  elevated 

temperature exposure. 

low as 50 hours for testing at r o o m  temperature i n  order t o  determine whether ~ 

Spechem =taken from the ovens a f t e r  exposure a8 I 

st ress  corrosion cracking had begun. None of the titaniumd.loy specimens 4 

failed i n  the oven prior t o  renv~val for t ea t ing  eventWugh stress corrosion 
I 

I 
cracking had developed, but th i s  mey not necessarily be the,case for other 

materials and other t e s t  conditions. 
I 
., Moat o r  the specimens were stressed at 

2" 100 ksi (689.4 MV/m ). 

Compression Test. 

After removal f r o m  the oven, the salt coatings are removed by a water 

rinse end the specimens are testedr\in compression at room temperature as shown 

i n  figure 2. 

44LJ 

The specimen is supported vertically by means of two clamping 

fixtures. The mre elaborate fixture on the bottomphich had previously been 

used for  another purpose, is xmt actually required; a simpler one such as used a 

on the top of the specimen w i l l  suffice provided it adequately holds the specimen 

perpendicularly t o  the platen of the 'testing machine prior t o  and during loading, 

The load is applied slowly a t  a constant arbitrary rate of 200 pounds per minute 

and recorded autographically against the head displacement or  shortening of the1 
l 

specimen. The shortening is memured with a deflectometer consisting of an 

aluminum-alloy cantilever beam instrumented with strain gages so that the i r  

output is proportional t o  the deflection. 

I 

1 
I 
I 

In compression t e s t s  of the eelf  stressed epecimen, the curvature first 

increases as the load is applied. With continued loading, the bending tends t o /  

concentrate at the ends and middle of the epeciaen, and when yield- occurs the 

* Mega Newtone/meter2 
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specimen legs tend t o  straighten between these points. 

continue t o  shorten until= shortening imposed 

The specimen w i l l  
Combid-% GsrnpwLHcS*,;u.\ -A 

by the fixture (rigure 3) or fracture (figure 4) occurs. 

occurs at the center rather than the ends of the specimen in the compression 

tes ts .  

Fracture ordinarily 

Characteristic configurations of the uncoated specimens and the coated spe;** 
"f- U- n+&ntm 

stress corrosion cracks are.shown before ard 
A 

Ti-8Al-lMo-lV 

a f t e r  testing i n  figure 5. The marked change in  configuration, bend ductility, 

and shortening caused by stress corrosion crack- demonetrates the sensit ivity 

of the compression tes t  to  this type of corrosion. 

Effect of Stress Corrosion Cracking on Shorteninq. 

A 

The change in  specimen shortening or  bend ductil i ty,  obtained i n  the 

room temperature compression tes t ,  is a measure of the amount of stress corrosion 

cracking which has occurred. 

at 100 k s i  (689.4 MN/m k af'ter exposures up t o  10,000 hours at 550" F (561" R) 

Il lustrative results f o r  a titanium alloy stressed 
uv/i th. 01 h .is\+ cnah'n9 

b 

are  shown in figure 6. A single dashed load-ehortening curve (figure 6(a)) which 

represents all of the t e s t s  of the uncoated specimens, shows that there w a s  no 

effect  of exposure on the strength o r  bend ductility; all of the specimens reached 

the  maximum shortening condition without fracture. The solid curves represent 

the tests fesAeach exposure time in which the most severe s t ress  corrosion 

cracking occurred. 

where a sudden drop in  load and fracture occur. 

decreases in a regular fashion With'hcreasirrg exposure time, indicating a greater 

e 
C o b b  ei't4CL 

These curves e essentially tbe=mq4up t o  the pint 

The shortenbg at fracture 
I 

severity of stress corrosion crack= at the lower  times. 
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The shortening measurements for the individual tests fo r  this same material 

* are shown in figure 6(b). The daehed line for the uncoated specimens again 

e k w s  no effect of expoeure time. m e  soliti~ line o r  limit- curve represents, 
. the most severe stress corrosion effects obtained in the tests. Considerable ' 

scatter can be noted In the results b u t t h i e  is characteristic of corrosion 

tests. 

transverse directions of the material are concerned. 

No definite trend can be established as far as the longitudinal and 

In this instance severe ' 

stress corrosion cracking occurred within 4,000 hours. 

Crack Penetration and Correlation with Shortening Measurements. 

In order t o  determine the nature and extent of the stress corrosion cracking 

and verify the results of the compression teats, metallographic examinations 

were made of the cracks 

the crack penetration waa measured with a l l g h t  PPicroscope and micrometer eyepiece. 

he surface of the  specimen. The depth of 

Crack measurements were made onuntested as w e l l  as tested specimens; i n  each case 

D 
small pieces were cut fmm each curved s t r i p  d r  leg of the specimen for  examination 

and measurement of the cracks. In the case of the tested specimens, measurements 

were made some distance from the point of fracture or maximum bending; there was 

no indication that the crack depth away from the fracture point w a s  influenced by 

the bending of the specimen in the compression test. 

.badly cormded, cracks were numerous and distributed along the length of the 

f 

When the specimens were 

I 

specimen i n  a direction normsl t o  the induced stress. A typical edgeview of 811 

intergranular corrosion crack in 8 titsaium alloy stressed at lo0 ksi (689.4 MN/m 2 ) I 

I 

. I 
and exposed for 2,000 hours at 550' F (561' K) is shown in figure 7.4 
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Il lustrative results of the crack penetration measurements fo r  a titanium 

alloy a f te r  exposure at  550' F (561' K) with a stress of 100 ksi  (689.4 MN/m ) 

are shown In figure 8. The nuniber and renge of the measurements are indicated 

2 W i t h  G. hao-uy r j~4I t  mati- 

A 

for  various exposure times. 

considerable amount of scatter of the data was obtained. 

represents approximately the maximum amDunt  of stress corrosion crack penetration. 

The d o f f  of both the maximum crack penetration curve (figure 8) and the 

minimum shortening curve (figure 6(b)) may be due in part t o  the reduction in 

the applied bending stress at the crack t i p  as the m&&&l, axis%ppmached and 

As i n  the case of the shortening measurements a 

The limiting curve 

I U V L  i.;.q 

*t* 1 
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perhaps partly t o  the ineffectiveness of the solid surface salt in  penetrating 

t o  the bottom of the crack. 

The correlation of the minlmum shortening curve (figure 6(b)) w i t h  the 

maximum crack penetration curve (figure 8) on a time basis for  Ti-6Al-kV titanium 

alloy sheet is shown i n  figure 9. The decrease in shortening corresponds direct ly  

t o  the increase i n  crack penetration for  various exposure times at  550" F*(561° K). 

- Consequently, the shortening measurements obtained i n  the compression t e s t  are 

evidently a good measure of the smount of stress corrosion dsnage which has 

occurred. 

* 

The relative susceptibility of various materials t o  s t ress  corrosion 

cracking can l&m&ee be determined by this method (3). 
- -  

Concluding Remarks. I 

The new method described herein for determinlag the quantitative effects! of 

s t ress  corrosion cracking in sheet materials has a number of advantages. The 

self-stressed specimen is  small, easily constructed, ead does not require a 

fixture. The amount of stress corrosion Space requirements are a-min.lmum . 
damage can be easily and quickly ascertained at  auy time f r o m  the simple room 

temperature compression test so that it 1s possible to detect stress corrosion 
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cracking long before specimen failure would otherwise occur. Shortening 

measurements obtained i n  the compression test correlate w e l l  with crack 

penetration measurements, and time consuming metallurgical examinations of 

each specimen are not required t o  assess the extent of the cracking. The 

compression tes t  provides quantitative data on the reduction in shortening, bend 

ductility, and embrittlement due to  stress corrosion cracking. As i n  the case of 

other s t ress  corrosion tasks involving bend type specimens, t h i s  new test does 

not provide &y quantitative infornation on the effect of stress corrosion 

cracking on the tensile properties. 
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Figure 1.- Construction of t he  se l f - s t ressed  specimen. Dimensions 
a re  given i n  inches and parenthe t ica l ly  i n  centimeters.  



Figure - 2 - Clamping fixtures and compression test  apparatus. 
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Figure - 2 - Clamping fixtures and compression tes t  apparatus. 



Figure - 3 - Uncoated specimen at  condition of " m a x i m m  shortening" 
without failure. 
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Before t e s t i n g  

' After t e s t i n g  

(a) Uncoated 

Before t e s t ing  

w 
M t e r  testing 

( b )  Salt coated 

Figure 5 - Specimen configuration of uncoated and s lt coated Ti-8Al-lMo-lV 
specimens stressed a t  100 ksi(689.4 MN/m 3 ), before and af ter  
compression testing a t  room temperature. 
exposed a t  550"F(561°K) for 2000 hours prior t o  testing. 

"he specimens were 
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Figure 6.- 3esul t s  or" the  compression t e s t s  for the Ti-6A1-4V specimens 
stressed at 100 ksi (689.4 MN/m2). 



Figure - 7 - Edge view of stress corros ion  crack i n  Ti-8Al-UI-lV 
longitudinal specimen exposed 2000 hours at 550°F. 
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